daily life for one week. Patients also completed a clinicianadministered standardized depression scale at baseline and three-month follow-up. Results: Using EMA, participants responded to 83.7% of the electronic interviews for a total of 1,140 observations across diverse daily life contexts. Stressful events of any degree of negativity were reported at over one-third (37.3%) of all EMA assessments. The severity of depressive symptoms as assessed in daily life through EMA was greater in women following stroke than in men. Further, there was a significant association between EMA-assessed depressive symptoms and daily life stress for women, but not men. This association was due primarily to three specific depressive symptoms: sad mood, fatigue, and appetite change. No difference was observed between men and women in standardized depression assessments administered during clinic visits at baseline or three-month followup. Conclusions: Greater reactivity to stressful life events and a link between stress reactivity and depressive symptoms were found in female as compared to male post-stroke patients. Gender differences in depressive symptoms were identified using EMA data collected during daily life as con-
Introduction
Stroke is a leading cause of death and disability around the world for both men and women [1, 2] and identifying its prognostic indicators has emerged as a major objective for clinical research. Among the diverse medical and psychological factors examined in this population, depression has been shown to be among the more consistent predictors of course and outcome due to its association with poor functional recovery and greater mortality [3] [4] [5] [6] . Post-stroke depression (PSD) is highly frequent, occurring in up to half of patients one month after stroke [3, 7] and with continued high rates one year later [8] . For these reasons, understanding the risk factors associated with PSD is essential for determining preventive interventions that can reduce morbidity rates and promote better functional outcomes.
Numerous epidemiologic surveys of nationally representative samples in the United States have demonstrated that women have twice the risk of experiencing an episode of depression than men [9] [10] [11] , and World Health Organization assessments of depression worldwide support higher rates of depression in women versus men [12] . While the prevalence of stroke is similar for either gender [13] , the female gender is associated with a greater likelihood of PSD in the majority of studies that have included gender as a factor in analyses [3, 7] . Seeking the potential mechanisms underlying these differences, several investigations have pointed to the role of stress and emotional reactivity. Stress is closely linked to the onset of depression [14] [15] [16] , and adults with depression report greater emotional [17, 18] and physiological [19, 20] responses to stress. Importantly, women demonstrate greater emotional reactivity to negative events than men, as well as experience more prolonged negative emotions following negative life events [21, 22] . Despite the existing literature documenting that these factors play a role in the etiology and/or severity of depression, the interaction of gender and stress is yet to be examined relative to PSD.
The limited research on this topic may be explained in part by the methodological barriers that have prevented the examination of how stress may influence depressive symptoms. In particular, most laboratory-or hospitalbased protocols are limited to the retrospective assessments of stress or to the assessments of mood either at one time point during a clinic visit or averaged over substantial periods of time. It is therefore difficult or impossible to characterize the highly dynamic interplay of stressful events and symptoms as they occur naturally in daily life. Advances in mobile technologies, such as Ecological Momentary Assessment (EMA), have permitted researchers to overcome these barriers of time and context by following patients in real-time and in the natural environments of daily life [23] . Recent studies have demonstrated the validity of this approach in patients who have experienced a stroke [24, 25] and have shown that emotional reactivity to stressful life events during the period immediately following stroke is associated with depression severity three months later [24] . However, these investigations have not examined gender differences in mood reactivity, nor how these effects may be moderated by other clinical risk factors. The present investigation examined these issues using EMA over a one-week period in patients following stroke. The specific goal of this study was to examine gender differences in the relationship of stress and PSD.
Materials and Methods

Patients
Sixty-four individuals admitted to the Stroke Center at the University of Bordeaux were contacted to participate in a prospective study of symptoms and experiences in daily life using ambulatory monitoring. Patients were continuously enrolled based on eligibility criteria. Forty-eight individuals (75% of the contacted sample) agreed to participate. Inclusion criteria were ischemic or hemorrhagic stroke diagnosed by a neurologist based on clinical and neuroradiological data (MRI). Exclusion criteria were a personal history of major depressive disorder, dementia, severe aphasia, and visual or motor handicaps preventing adequate use of the ambulatory monitoring device. The mean age of the sample was 59.5 years (SD = 12.8), and 47% were female. In this sample, 3 patients had a hemorrhagic stroke in the left basal ganglia, the frontal lobe or the parietal lobe. The remaining 45 patients experienced ischemic stroke located in the left (n = 15) or right (n = 17) middle cerebral artery, the vertebro basilar territory (n = 11), and the left anterior (n = 1) and posterior (n = 1) cerebral artery. Analyses for the present report are based on data from 43 participants who met the minimum EMA criteria of providing both within and between-day reports (i.e., at least 6 valid assessments; 67% of the contacted sample). On average, these individuals responded to 83.7% of the electronic interviews (or a mean of 29 out of the 35 possible assessments, SD = 17.4).
Procedure
This investigation was approved by the ethics review board of the University of Bordeaux (CPP). All patients provided written consent to participate, and the study methods have been previously described in detail [25] . In summary, participants completed a 45-minute training session on how to operate and complete electronic interviews on a personal digital assistant (PDA). The mean delay between stroke occurrence and the first electronic interview was 5.4 days (SD = 4.0). PDAs were programmed using a modified version of the Purdue Momentary Assessment Tool, version 2.1.2. A validation study [25] conducted in this sample demonstrated feasibility of computerized ambulatory monitoring in stroke patients (75% of contacted patients agreed to participate and recruited individuals completed over 80% of programmed interviews), as well as strong concurrent validity between clinic-based measures and daily life assessments. Specifically, although the sensitivity for identifying real-time mood changes in reaction to stressful events may be greater with EMA, this study demonstrated the concurrent validity of EMA relative to traditional clinical measures. Participants were given PDAs to carry with them for the 7-day monitoring phase, each programmed to administer 5 electronic interviews per day: between 9: 00 a.m. to 11: 00 a.m.; 11: 00 a.m. to 2: 00 p.m.; 2: 00 p.m. to 5: 00 p.m.; 5: 00 p.m. to 8: 00 p.m.; and 8: 00 p.m. to 10: 00 p.m. All individuals were instructed to complete the interviews independently. The PDA program permitted 15-minute response periods and all data entries were time stamped. Assessment times were also tailored individually to accommodate typical sleep and wake schedules. In addition to EMA assessments, participants were also administered a measure of clinical depression [25] at baseline and again 90 days later.
Clinical Measures
The 17-item Hamilton Depression Rating Scale (HAMD; [26] ) was used to assess symptoms of depression at baseline and at three month follow-up. The HAMD is a clinician-administered measure that assesses mood, somatic, and cognitive symptoms of depression. HAMD scores can range from 0 to 54, with scores above 7 indicating a cut-off for mild symptoms of depression. The validity of the HAMD has been previously established with adults in the general population [27] and stroke patients [28] . Further, the HAMD has satisfactory inter-rater and test-retest reliability [29, 30] .
EMA Measures
The EMA electronic assessments collected patient self-reports of activities, contexts, symptoms and daily life events. Seven of the symptoms present among DSM-IV criteria for depression were individually assessed at each electronic interview based on 7-point Likert scales: sad mood, anhedonia, fatigue, concentration difficulties, appetite change, negative thoughts, and hopelessness. These seven items were also summed to provide a Global Index of Depression. Each depressive symptom was assessed by asking participants to evaluate their current state at the moment of the EMA electronic assessment. Participants were then asked to identify daily life events that occurred since the last electronic assessment (spanning a three-hour period, on average), describe the one event that had the greatest impact, and rate the event on a 7-point Likert scale from 'extremely positive' to 'extremely negative'. Negative event severity was measured on a continuum to reflect all events rated as having no or neutral impact (0), a mildly negative impact (1), a moderately negative impact (2), or a severely negative impact (3).
Statistical Analyses
To account for the hierarchical structure of the data, linear mixed models were used to assess gender differences in the association between negative event severity and depressive symptoms. In these models, each symptom represented, in turn, the dependent variable; gender and stress represented fixed effects, and both subjects and subjects nested within days represented random effects. All main and interactive effects were tested. The best fitting variance-covariance structure was assessed by information criteria. All analyses were conducted using SAS, version 9.3 (Cary, N.C., USA).
Results
Participants demonstrated considerable variance in stroke and depression severity at both baseline and follow up but with average severity levels within the mild range ( table 1 ) . Concerning EMA monitoring, participants generated a total of 1,140 observations across diverse daily life contexts. Stressful events of any degree of negativity were reported at over one-third (n = 420, 37.3%) of all EMA assessments. The continuous stress index reflected 727 events, of which 307 (42.2%) were judged as having no impact, 173 (23.8%) as mildly negative, 130 (17.9%) as moderately negative, and 117 (16.1%) as severely negative.
Depression Severity by Gender and Stress
A first series of analyses examined gender differences in depression scores as assessed using the HAMD. No differences were observed between men and women for HAMD scores at baseline (t 39 = 0.07, p = 0.94) or at the three-month clinic follow-up visit (t 41 = 0.45, p = 0.66).
Daily life depressive symptoms assessed through EMA were then examined relative to the potential main effects of gender as well as reports of daily life stress. In contrast to the standardized HAMD, the severity of depressive symptoms as measured by the EMA Global Depression Index was greater in women than in men, F(1, 475) = 3.99, p = 0.046, and depression severity increased as a function of stress, F(3, 475) = 9.91, p < 0.001. There was also a significant interaction between gender and stress, F(3, 475) = 2.93, p = 0.033 with women, but not men, experiencing greater increases in depression severity as a function of increasing stress.
These effects were examined next using the specific DSM-IV symptoms of sad mood, anhedonia, fatigue, con-centration difficulties, appetite change, negative thoughts, and hopelessness ( table 2 ) which comprise the EMA Global Depression Index. Of all symptoms, the most salient effects were observed for sad mood, with higher levels being experienced by women as compared to men, F(1, 475) = 4.94, p = 0.027, and with higher levels as a function of increasing stress, F(3, 475) = 8.47, p < 0.001. A significant interaction, F(3, 475) = 5.06, p = 0.002, was again observed between these two factors ( fig. 1 ). While men did not experience increases in sad mood related to stress levels, F(1, 475) = 0.74, p = 0.39, a robust linear trend was observed among women, F(1, 475) = 36.5, p < 0.001. In particular, women experienced greater emotional reactivity (i.e., greater sadness) than men at both moderate F(1, 475) = 5.26, p = 0.022, and high F(1, 475) = 12.0, p < 0.001, stress levels. At high levels of stress, women also experienced greater fatigue F(1, 475) = 6.64, p = 0.01, and greater appetite change F(1, 475) = 8.22, p = 0.004, compared to men. No interaction effects for gender and stress were observed for the other depressive symptoms. EMA = Ecological momentary assessment; SD = standard deviation; Min = minimum scores; Max = maximum scores; NIHSS = National Institutes of Health Stroke Scale; HAMD = Hamilton Depression Rating Scale. 
Discussion
The severity of depressive symptoms as assessed in daily life through EMA was greater in women post-stroke than in men. Moreover, women but not men reported increases in depressive symptom severity associated with stress. In particular, the association between depression and stress for women was reflected in symptoms of sad mood, fatigue and appetite change. Women who have experienced stroke are more likely to report PSD [3, 7] and our EMA data support this finding. Women also generally show greater reactivity to stressful life events compared to men [21, 22] . Our results demonstrate greater reactivity in women post-stroke, and a link between stress reactivity and depressive symptoms.
Contrary to the EMA real-time findings, no gender difference was found in depressive symptoms as measured by a standardized HAMD administered at baseline or follow-up clinic visits. While there is evidence for the general association of constructs examined by EMA and clinic-based measures [25] , the current findings underscore important differences that can be observed according to the manner in which depression is assessed. In particular, the significant associations observed for EMA assessments suggest that common measures used at single points in time during clinic visits may not be sufficient to detect important gender differences in post-stroke depression occurring in real-time, and that alternative approaches such as EMA should be considered for the investigation or assessment of this disorder. The findings of this study also suggest that the use of mobile technologies reduces the influence of retrospective recall, increases ecological validity, and allows the closer study of dynamic behaviors as they happen in natural contexts [23, 31] . Further, electronic methods of data collection have demonstrated high levels of compliance and validity for a wide range of patients with medical and psychiatric disorders [25, 32, 33] . Such monitoring can be used to detect changes in depression, emotional reactivity, functional impairment, and other outcomes targeted by interventions to reduce PSD and the long-term consequences of PSD.
Several limitations of the methodology should be considered when interpreting the findings. As the sample was screened to exclude those with a previous history of depression, the findings are most relevant to understanding new cases of PSD rather than recurrence of mood disorder. The selected sample can be considered to be in the mild-to-moderate range of stroke severity, and therefore, the findings cannot be generalized to more severely affected populations. While the analytic approach takes into account the within-subject correlation, both within and across days and adjusts for between-person differences in the manner that events were evaluated, the assessment of stress was based on the patient's subjective evaluations of event negativity. The moderate sample size may be insufficient for characterizing smaller but potentially important associations between stress and certain depressive symptoms that were not observed in the present sample. In addition, the lack of systematic assessment of clinical risk factors for stroke (e.g., smoking) prevents examination of potential moderation effects that may help identify individuals at the greatest risk for PSD. Fur- ther, the level of depression reported on the HAMD was moderately low although it was consistent with a recent investigation of PSD using the HAMD, which found lower depressive symptoms associated with PSD than major depression [34] . The lower level of symptoms for PSD relative to major depression may also be indicative of the importance of assessments that are done in the patients' natural environments in order to capture the full variability of symptoms and correlates of PSD. Finally, EMA was used only in the immediate period following stroke and not at the three-month follow-up. As the clinical manifestations of PSD have been shown to differ in the months that follow stroke [24] , the repetition of EMA at different time periods may provide clearer information concerning the period of greatest differences by gender, stress, and other risk factors.
Conclusions
Stress has repeatedly been shown to be associated with depression [15, 16] , particularly in women [35, 36] . Our data in post-stroke patients are consistent with these findings. Although stress in daily life cannot be avoided, its effects can be moderated, for example, by external support and cognitive intervention strategies, to reduce depressive symptoms [37] . The current work suggests the potential importance of future work to determine the benefits of incorporating stress-reduction interventions in treatment plans post stroke, especially for women.
